New Zealand Black (NZB) 1 mice are an autoimmune, hyperresponsive strain important in the study of autoimmunity and immunoregulation (1, 2) . Recently, attempts to characterize target antigens for cytolytic T lymphocyte (CTL) responses from NZB anti-H-2-identical mixed leukocyte cultures have led to the identification of a new aUoantigen, called maternally transmitted antigen (Mta) (3) (4) (5) . Mta is a cell surface antigen found on lymphocytes from most mouse strains (3); it is recognized by H-2-nonrestricted CTL from the few Mta-strains, NZB/BIN, NZO, or NMRI (3). Interestingly, two substrains of NZB mice, NZB/BIPt and NZB/Fiill do express Mta (3, 4) . The expression of Mta is determined by maternal phenotype (Mta + or Mta-) and cannot be modified by foster mothering, embryo transfer, or transfer of bone marrow cells to lethally irradiated mice (3, 6) . Fischer Lindahl et al. (7) have shown that the Mta phenotype of a maternal ancestor is maintained through eleven generations of backcrossing. Because the inheritance of Mta is maternally determined and not consistent with chromosomal inheritance, it is likely that Mta expression is cytoplasmically transmitted, perhaps through a cell-associated virus or cytoplasmic organelle such as mitochondria (3, 6) . The only known cell surface phenotypic difference between NZB substrains is the expression of Mta. We sought a cytoplasmic marker to distinguish between the possibilities that these differences in Mta expression reflect (a) separate maternal lineages, or (b) spontaneous mutation. Such a distinction is important to understanding the possible extra-nuclear control of cell surface alloantigen expression.
Because mitochondria are cytoplasmically and thus maternally inherited (8) , restriction endonuclease analysis of mitochondrial DNA (mtDNA) can be used to characterize maternal lineage. It has recently been reported that all of the "old inbred" strains studied (BALB/cJ, C57BL/6J, C58/J, DBA/2N, SWR/J, AU/SsJ, C3H, PL/J, and AKR/Cum), unlike wild mice or mice of other unrelated inbred strains, have an identical mtDNA restriction endonuclease fragment pattern. These identical patterns indicate either derivation of these strains from a single maternal parent or subsequent contamination of the original breeder lines (9) . We have used Mta-specific CTL clones and restriction endonuclease digestion followed by electrophoretic separation of mtDNA to analyze two substrains of NZB mice that differ with respect to Mta expression. In contrast to the "old inbred" strains, the Mta-strain NZB/BIN showed a unique mtDNA restriction enzyme pattern, indicating a maternal lineage distinct from that of the other strains characterized. Conversely, NZB/B1Pt, which are Mta +, presented a pattern indistinguishable from that of the "old inbred" type. These findings are indicative of genetic contamination of the NZB/BIPt substrain and are consistent with changes in their Mta phenotype.
Materials and Methods
Mice and Cell Lines. NZB/B1N mice were obtained from the NIH breeding colony. mtDNA Preparation. mtDNA was isolated from partially purified mitochondria by the method of Portnoy et al. (10) . Briefly, livers, spleens, and kidneys were collected from three to five mice. The tissues were minced on ice in mannitol sucrose buffer, 0.21 M mannitol, 0.7 M sucrose, 0.005 M Tris pH 7.3, 0.005 M EDTA, and the cells were disrupted with three to four strokes of a Potter-Elvehjem homogenizer with Teflon pestle. Nuclei were pelleted at 1,000 g for 15 rain at 4°C. Mitochondria were pelleted from the supernate by centrifugation twice at 8,700 g at 4°C for 25 rain. The pellet was resuspended in its residual volume and layered over a discontinuous gradient of 1.2 ml 1.5 M sucrose and 3 ml 1 M sucrose in 0.1 M Tris pH 7.2, 0.01 M KCI, 0.005 M EDTA, and centrifuged for 1 h at 37,000 rpm in a SW50.1 rotor at 4°C. The mitochondrial band was collected, resuspended in mannitol sucrose, and pelleted at 10,800 g at 4°C for 20 rain. The pellet of purified mitochondria was resuspended in the residual volume and the mtDNA isolated by alkaline lysis (10) . The DNA preparation was phenol chloroformextracted twice and ethanol-precipitated before restriction endonuclease analysis. A typical mtDNA preparation from four to five adult mice was enough for six to eight digests.
Restriction Endonuclease Analysis. mtDNA was digested overnight at 37°C with the restriction endonueleases Hinf 1 or Mbo 1 using the digestion mixture suggested by the supplier, New England Biolabs, Beverly, MA. The size standard, phage q~X 174 digested with Hae 111, was supplied predigested. The samples were run on vertical 30 mm X 15 mm X 0.75 mm slab gels of 5% polyaerylamide in the Tris borate buffer system of Maniatis et al. (11) . The gels were stained by the silver staining methods developed by Merrill et al. (12) and Beidler et al. (13) . CTL Assay. Assay of CTL was performed as previously described (5) . Target cells were 60-72-h Concanavalin A blasts labeled with Na51CrO4 (Amersham Corp., Arlington Heights, IL) and added to serial dilutions of the CTL lines. After a 4-h incubation at 37°C, the plates were 2 By convention the maternal strain is listed first.
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centrifuged at 200 g for 5 min, and harvested with the Titertek Supernatant Collection System (Flow Laboratories, Inc., McLean, VA). Data are expressed as % net SlCr release --100 × (experimental release-spontaneous release)/(maximum release-spontaneous release), where the spontaneous release is the activity released from targets in the absence of CTL, and maximum release is the activity released from targets by three cycles of freezing and thawing.
Results
Phenotyping with Cloned Mta-Specific CTL. Restriction Endonuclease Analyses of mtDNA. Fig. 2 shows the banding patterns of Hinf 1 restriction endonuclease cleavage of mtDNA from NZB, NZW, BALB/c, and NMRI mice. The banding patterns for the cleaved mtDNA from NMRI, BALB/c, NZW, and the NZB/BIPt strains are identical. By contrast, the Hinf 1-generated pattern of NZB/BIN mtDNA is different. There are five major and at least three minor differences in the molecular weight of the Hinf 1-generated fragments from NZB/BIN mtDNA versus mtDNA from the other strains. Four additional low molecular weight Hinf 1-generated fragments are predicted from the known DNA sequence ofmtDNA (14) , but are not visualized on these gels. Using the endonuclease, Mbo 1, at least four molecular weight differences were observed between mtDNA from NZB/B1Pt and NZB/BIN mice (data not shown). The Mbo 1 cleavage patterns of NZB/BIPt and BALB/c were identical to each other and to the pattern published by Ferris et al. (9) for all of the "old inbred" strains of mice.
Discussion
We used cloned Mta-specific CTL and restriction endonuclease digestion ofmtDNA to analyze phenotypic differences between NZB substrains. The cloned Mta-specific CTL recognized alloantigens on NZB/B1Pt cells but not on NZB/BIN. NZB/B1N mice had a different mtDNA restriction endonuclease pattern, using Hinf 1 and Mbo 1, from the common pattern shared by the "old inbred" strains. In contrast, NZB/B1Pt mice had the same pattern as the "old inbred" strains. NZB/BIPt mice have a substantially modified autoimmune disease, including a delayed onset of Coombs' positivity, reduced titers of anti-DNA antibodies, and prolonged survival. 4 In addition, these mice can be readily tolerized, in contrast to NZB/B1N. 5 However, Mta is the only cell surface antigen for which expression is known to differ between A. D. Steinberg, personal communication. s D. Lewis, personal communication. NZB/BIN and NZB/BIPt mice. It was possible that the phenotypic differences in autoimmune disease and Mta expression in NZB/B1Pt mice were due to the spontaneous mutation of the relevant genes or to genetic contamination with another mouse strain. Our results demonstrate that the NZB/BIPt substrain has been contaminated with one of the "old inbred" strains. This probably explains their altered autoimmune status and is consistent with changes in their Mta phenotype. Thus the NZB/B1Pt substrain should probably be regarded as a separate recombinant inbred strain between NZB and an unknown gene donor in the maternal lineage.
Although Fischer Lindahl et al. reported NMRI mice from European stocks to be Mta- (6) , the NMRI mice we tested from the Naval Medical Research Institute were Mta + by cloned CTL assay and shared the same mtDNA phenotype with the common "old inbred" strains. That NMRI mice have the "old inbred" type of mtDNA is not surprising since SWR is one of the "old inbred" strains and both SWR and NMRI descended from Swiss mice obtained from Lausanne and passaged by C. Lynch (15) . NZW mice, which we found to exhibit the "old inbred" type of mtDNA and which are Mta +, are not reported to be related to NZO or NZB mice, the latter of which strains were derived from a common stock (15) . It is not possible to determine whether NZW share a common maternal lineage with the "old inbred" strains, or whether they have been subsequently contaminated. The demonstration of the apparent acquisition of the "old inbred" type of mtDNA by strains not known to be genetically related to the early inbred strains of mice (15) , probably serves as another example of the difficulty in maintaining the genetic purity of inbred mouse strains (9, 16) .
The mtDNA phenotype represented by NZB/B1N mice is not necessarily unique but merely contrasts with the lack of restriction site polymorphism of mtDNA in the other strains tested. Using Mbo 1 digestion, we found that NZB/B1N mtDNA appears to be similar to mtDNA found in several different wild mice (9) . Likewise, the "old FxG. 2. Restriction endonuclease digests of mtDNA from different strains of mice using Hinf 1. The thX174 Hae III fragment sizes have been determined from sequenced DNA. Arrows indicate differences in Hinf 1 recognition sites between NZB/B1N and the several other strains of mice examined (NMRI, BALB/e, NZB/BIPt, and NZW), the latter of which all demonstrated identical restriction patterns. inbred" type of m t D N A is not always found in mice with an M t a + phenotype. S F / C a m mice are reported to be M t a + (7), but have an m t D N A restriction endonuclease pattern using Mbo I that is different from both the "old inbred" strains (9) and from NZB/B1N. Positive correlation between the m t D N A phenotype of N Z B / B I N and failure to express the M t a antigen would require the testing of more M t a -strains and wild mice. However, such experiments would provide only indirect evidence for the involvement of a mitochondrial gene in M t a expression. Mitochondrial transfer experiments in progress should more directly assess this relationship as causal or coincidental.
S u m m a r y Two substrains of New Zealand Black (NZB) mice have been compared with respect to expression of a maternally transmitted cell surface antigen, Mta, defined by cloned cytolytic T cells, and for restriction enzyme polymorphisms of mitochondrial D N A (mtDNA). These independent assays of maternal cytoplasmic inheritance provide strong evidence for genetic contamination of the NZB/B1Pt substrain (NZB/B1 mice from Michael Potter's separate colony at the National Institutes of Health), in which the typical NZB immunologic abnormalities are at least partially ameliorated. The decisive data are the restriction enzyme maps of mtDNA for NZB/ B1Pt, which were identical with those of the common "old inbred" strains and quite different from those of NZB/BIN (NZB/BI mice from the breeding facility at the National Institutes of Health). It is probable that the contamination of the NZB/B1Pt substrain is related to phenotypic changes in their autoimmune state. More interestingly, the data are consistent with, although they do not prove, involvement of the mitochondrial genome in expression of a cell surface molecule.
